Abstract: Among the various risky complications of liver cirrhosis, refractory ascites is associated with poor survival of cirrhotics and persistently worsens their quality of life (QOL). Major clinical guidelines worldwide define refractory ascites as ascites that cannot be managed by medical therapy either because of a lack of response to maximum doses of diuretics or because patients develop complications related to diuretic therapy that preclude the use of an effective dose of diuretics. Due to the difficulty in receiving a liver transplantation (LT), the ultimate solution for refractory ascites, most cirrhotic patients have selected the palliative therapy such as repeated serial paracentesis, transjugular intrahepatic portosystemic shunt, or peritoneovenous shunt to improve their QOL. During the past several decades, new interventions and methodologies, such as indwelling peritoneal catheter, peritoneal-urinary drainage, and cell-free and concentrated ascites reinfusion therapy, have been introduced. In addition, new medical treatments with vasoconstrictors or vasopressin V2 receptor antagonists have been proposed. Both the benefits and risks of these old and new modalities have been extensively studied in relation to the pathophysiological changes in ascites formation. Although the best solution for refractory ascites is to eliminate hepatic failure either by LT or by causal treatment, the selection of the best palliative therapy for individual patients is of utmost importance, aiming at achieving the longest possible, comfortable life. This review briefly summarizes the changing landscape of variable treatment modalities for cirrhotic patients with refractory ascites, aiming at clarifying their possibilities and limitations. Evolving issues with regard to the impact of gut-derived systemic and local infection on the clinical course of cirrhotic patients have paved the way for the development of a new gut microbiome-based therapeutics. Thus, it should be further investigated whether the early therapeutic approach to gut dysbiosis provides a better solution for the management of cirrhotic ascites.
Introduction
Patients with advanced liver cirrhosis tend to develop various risky complications, including gastroesophageal varices, ascites, hepatic encephalopathy (HE), and renal and cardiac disturbance as a consequence of portal hypertension, and hyperdynamic circulation and their hemodynamic and metabolic effects. 1 Among others, refractory ascites is associated with poor survival and persistently worsens the quality of life (QOL) of cirrhotic patients. The International Ascites Club defines refractory ascites as ascites that cannot be managed by medical therapy either because of a lack of response 56 Fukui et al to maximum doses of diuretics (spironolactone 400 mg/day and furosemide 160 mg/day) or because patients develop complications related to diuretic therapy that preclude the use of an effective dose of diuretics (Table 1A) . 2, 3 The clinical guidelines of the European Association for the Study of the Liver (EASL) and the American Association for the Study of Liver Diseases (AASLD) have also adopted this definition, although the latter has simplified it to some degree. 4, 5 Refractory ascites is further subdivided into diuretic-resistant ascites (lack of response to maximum doses of diuretics) and diuretic-intractable ascites (inability to take an effective diuretic dosage due to diuretic-induced complications). 2, 4 These definitions have been acknowledged as the world standard for cirrhotic ascites since then. However, when attempting to find a scientific basis for the maximum doses of diuretics for intensive diuretic therapy, we should revisit the period before the start of evidence-based medicine. There is a possibility that the maximum doses may be influenced by the patients' profiles and conditions, that is, their races, statures, ages, and dietary habits. In fact, several authors have adopted different criteria of refractory ascites based on the diuretic doses of their standard treatment regimen, although some of them can be hardly considered as the maximal diuretic doses (Table 1B) . 6, 7 In this review, we followed the definition of the International Ascites Club, laying aside these problems, in order to arouse comprehensive discussions across various studies worldwide. Although liver transplantation (LT) is undoubtedly the ultimate solution for refractory ascites in liver cirrhosis, most patients have to wait for a long period of time or even die before the operation because of absolute organ shortage. Therefore, various therapeutic strategies for refractory ascites, whether by large-volume paracentesis (LVP), transjugular intrahepatic portosystemic shunt (TIPS), or peritoneovenous shunt (PVS), should be mainly designated to improve QOL of cirrhotic patients. The remarkable progress in technology during the past few decades has gradually enabled patients with advanced cirrhosis to enjoy a better life without annoying symptoms and discomfort. This review briefly summarizes the evolving landscape of variable treatment modalities for cirrhotic patients with refractory ascites and introduces the most up-to-date challenges and solutions in this field.
Table 1 Definition of refractory ascites in international guidelines (A) and criteria of refractory ascites used by authors from China and Japan (B)
A EASL clinical practice guideline 4 Ascites that cannot be mobilized or the early recurrence of which (i.e., after therapeutic paracentesis) cannot be satisfactorily prevented by medical therapy international Ascites Club 2 Diuretic-resistant ascites: Ascites that cannot be mobilized or the early recurrence of which cannot be prevented because of a lack of response to sodium restriction and diuretic treatment Diuretic-intractable ascites: Ascites that cannot be mobilized or the early recurrence of which cannot be prevented because of the development of diuretic-induced complications that preclude the use of an effective diuretic dosage 1. Treatment duration: Patients must be on intensive diuretic therapy (spironolactone 400 mg/day and furosemide 160 mg/day) for at least 1 week and on a salt-restricted diet of <90 mmol/day 2. Lack of response: Mean weight loss of <0.8 kg over 4 days and urinary sodium output less than the sodium intake 3. Early ascites recurrence: Reappearance of grade 2 or 3 ascites within 4 weeks of initial mobilization AASLD clinical practice guideline 5 Refractory ascites is defined as fluid overload that 1) is unresponsive to sodium-restricted diet and high-dose diuretic treatment (400 mg/day of spironolactone and 160 mg/day of furosemide), or 2) recurs rapidly after therapeutic paracentesis
B
Zhang et al 36 Ascites that cannot be satisfactorily controlled after a patient had either 1) 1 week of sodium intake restrictions (<6 g/day), intermittent albumin infusion (10-20 g per treatment), and high doses of diuretics (>160 mg/day of furosemide and 200 mg/day of spironolactone), or 2) 2 weeks of therapeutic paracentesis (3000-5000 mL per treatment) Taki et al 125 Defined either as a <1.5 kg/week weight loss while being treated with furosemide (100 mg/day) and spironolactone (150 mg/day) or as a <1.5 kg/week weight loss due to the inability to use an effective dose of diuretics because of development of diuretic-induced hyponatremia (sodium level <125 mEq/L), hyperkalemia (potassium level >5.5 mEq/L), azotemia (doubling of serum creatinine or values >1.5 mg/dL), or hepatic encephalopathy (greater than grade 2 as defined by Parsons-Smith criteria) while on a dietary restriction of sodium 5 g/day as a minor modification Ohki et al 6 Ascites detected by ultrasound under the treatment of a loop diuretic at a daily dose equivalent to ≥40 mg/day furosemide and ≥25 mg/day spironolactone, a loop diuretic at a daily dose equivalent to ≥20 mg/day furosemide and ≥50 mg/day spironolactone, or a loop diuretic alone at a daily dose equivalent to ≥60 mg/day furosemide Tahara et al 7 Ascites that had not been controlled by standard diuretics (≥20 mg/day furosemide and/or 25 mg/day spironolactone) 
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Background of refractory ascites
Portal hypertension and splanchnic arterial vasodilation, both of which are closely related to gut-derived endotoxemia, constitute major factors in the development of ascites in liver cirrhosis. 8, 9 Three hypotheses, the underfilling theory, overflow theory, and peripheral arterial vasodilation theory, are considered as explanations for the variable pathophysiological changes in patients with advanced liver cirrhosis. 10 In our stepped care medical treatment for cirrhotic patients with ascites, the poor responders to diuretics were characterized by elevated basal plasma renin activity (PRA), norepinephrine (NE), and arginine vasopressin (AVP or antidiuretic hormone) levels, together with low basal creatinine clearance, urine volume, urinary Na excretion, and serum Na levels and high basal blood urea nitrogen levels. 10, 11 These results contrasted sharply with those in the early responders, who showed normal basal renal function, and serum Na, PRA, NE, and AVP levels, and elevated basal plasma α-human atrial natriuretic peptide (ANP) levels. 10 These findings suggest that the poor responders are in the state of relative vascular underfilling compared with the early responders, who are in a state of overflowing. 11 In the advanced stage of cirrhosis, splanchnic vasodilation causes marked arterial underfilling, which induces maximal activation of the renin-angiotensinaldosterone system (RAAS), the sympathetic nervous system (SNS), and AVP. Reduced renal perfusion and further Na and water retention with dilutional hyponatremia are natural consequences of cirrhosis in patients with refractory ascites.
12
Modification of drug therapy
There have been several challenges in the pharmacotherapy of refractory ascites. All of these are based on certain aspects of the pathophysiological changes in ascites formation, which have sometimes represented conflicting results. Thus, we need additional well-designed prospective studies to modify the current strategy of pharmacotherapy, thereby improving its effectiveness.
vasoconstrictors
Midodrine, a potent peripherally acting α-adrenergic receptor agonist, increases effective arterial blood volume by splanchnic vasoconstriction and improves renal perfusion and the glomerular filtration rate (GFR). 13 Midodrine can be added to diuretics for elevating blood pressure (BP) of cirrhotic patients and restoring their sensitivity to diuretics. 14 Midodrine alone 8 or along with octreotide and albumin 15 has been shown to enable better control of ascites both in short-term 15 and long-term 8 pilot trials in cirrhotic patients with refractory or recurrent ascites. 13 Oral midodrine 7.5 mg thrice daily has been reported to prolong patient survival. 8 The latest AASLD practice guideline recommends it as a simple medical treatment option preceding LVP or TIPS. 5 On the other hand, clonidine, an α2-adrenergic receptor agonist, demonstrates sympathoinhibitory effects and suppresses RAAS in patients with liver cirrhosis. 13 Clonidine augments the effect of spironolactone facilitating an earlier diuretic response with smaller diuretic requirements and fewer complications. 16 Yang et al 17 evaluated the effects of diuretics (furosemide+spironolactone) and their combination with clonidine on refractory ascites, and they found a 60% response rate after 3 months of clonidine-diuretic combination therapy. A higher percentage of decrease in plasma NE, renin, and aldosterone levels from baseline was observed among clonidine responders. 17 Clonidine may thus become a promising additional pharmacologic tool to augment the effect of diuretics on refractory ascites, wherein the RAAS and SNS are highly activated. Singh et al 13 investigated the effects of midodrine (7.5 mg/8 h), clonidine (0.1 mg/12 h), and their combination with standard diuretic therapy (sodium restriction, diuretics, and repeated LVP as needed) on systemic hemodynamics, renal function, and control of ascites in cirrhotic patients with refractory or recurrent ascites. They found that all three were superior to diuretic therapy alone, but the effect of combination therapy was not greater than that of midodrine or clonidine.
The vasopressin V1 receptor agonist terlipressin was shown to improve renal function and induce natriuresis in patients with cirrhosis and ascites including those with refractory ascites. 18 Terlipressin was further reported to increase water excretion during a water load test in nonazotemic cirrhotic patients without hyponatremia. 19 A prospective study 20 has reported the synergistic effect of terlipressin and standard diuretic therapy (maximum diuretics plus albumin) in patients with refractory ascites. Studies have indicated that the administration of arterial vasoconstrictors may influence the prognosis of patients with refractory ascites.
Nonselective β-blockers
In a prospective observational study by Sersté et al, 21 it was first reported that the administration of nonselective β-blockers (NSBBs) to critically decompensated patients, especially those with refractory ascites, may be dangerous, mainly due to worsening of systemic hemodynamics and increasing risks of renal failure, severe infection, and mortality. 22 In the Cox multivariate regression analysis, the independent predictors for mortality were the presence of 
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Fukui et al hepatocellular carcinoma, NSBB therapy, Child-Pugh class C, and refractory ascites associated with hyponatremia and/ or renal failure. 21 These results have led to the formulation of a "window hypothesis" on the indications of NSBB in cirrhotic patients, which claims that cirrhotic patients benefit from the use of NSBBs within a narrow window from the appearance of risky esophageal varices up to the development of refractory ascites or other severe complications, such as spontaneous bacterial peritonitis (SBP) and hepatorenal syndrome (HRS). 23, 24 In line with this, the latest AASLD guidelines propose that consideration should be given to discontinuing or not initiating NSBB in patients with refractory ascites. 5 Sersté et al 21 further considered that the prognosis of diuretic-intractable refractory ascites may be worse than the diuretic-resistant refractory ascites because the former is more frequently associated with hyponatremia and renal impairment.
On the contrary, recent studies [25] [26] [27] have reported that NSBBs do not impair the survival of patients with cirrhosis and ascites (including those with refractory ascites), especially if these NSBBs are discontinued when the mean arterial pressure (MAP) decreases and are reinitiated once the MAP recovers. 27 Propranolol (120 mg/day) has been proven to ameliorate gastroduodenal/intestinal permeability and to reduce bacterial translocation (BT) which are partially unrelated to their hemodynamic effects on portal pressure. 28 A comprehensive review by Blasco-Algora et al 29 summarizes these studies and proposes the clinical situations in which NSBBs should be withheld as follows: Child-Pugh-Turcotte class C or Model for End-stage Liver Disease (MELD) score ≥25, and 1) diuretic-intractable refractory ascites, 2) cardiac index ≤1.5 L/min/m 2 , 3) systolic BP ≤90 mmHg (either spontaneous or NSBB-induced), and 4) within 6 months of first episode of SBP, as long as hemodynamic deterioration is sustained (e.g., BP ≤90 mmHg and/or cardiac index ≤1.5 L/min/m 2 ). The authors further recommended that the maximal dose of propranolol should be set at 40-80 mg/day if patients' MELD score is 18-24 because a high NSBB dose (160 mg/day) is associated with more harmful effects to the systemic circulation and less tolerance. 21 Moctezuma-Velazquez et al 30 have recently summarized practical recommendations proposing that NSBBs should be used cautiously with close monitoring of BP, serum sodium, and creatinine, and should be reduced or discontinued if a patient with refractory ascites develops systolic BP <90 mmHg, hyponatremia <130 mEq/L, or acute kidney injury (AKI).
Taken together, it should be noted that NSBBs are not indicated for the treatment of refractory ascites. Eradication of risky varices by prophylactic endoscopic sclerotherapy and interventional radiology may alleviate the burden of continuous NSBB administration for patients with refractory ascites.
v2 receptor antagonists
An impaired renal water handling, leading to the inability to excrete a water load and hyponatremia, represents a common finding in advanced liver cirrhosis. 31 Refractory ascites often involves hyponatremia, which indicates more intense water retention. 32 Free water clearance, an index of water excretion, is known to be markedly decreased in these patients. Given the central role of vasopressin in limiting renal water excretion in cirrhotic patients, vasopressin V2 receptor antagonists are considered as a rational approach for cirrhotic patients with refractory ascites and dilutional hyponatremia. In line with this, the effects of several V2 receptor antagonists on ascites and hyponatremia have been evaluated. 10 Among them, satavaptan was reported to be effective for controlling ascites and hyponatremia in cirrhotic patients under diuretic treatment (spironolactone 100 mg/day). On one hand, longterm large-scale double-blind randomized controlled trials (RCTs) finally revealed that satavaptan, alone or in combination with diuretics (spironolactone 100 mg/day), is not effective in preventing the recurrence of ascites after LVP. 33 When satavaptan was administered in combination with diuretics to prevent ascites recurrence after LVP, a higher rate of all-cause mortality, mostly associated with known complications of cirrhosis, was recorded during the 52 weeks of follow-up. 33 These limited efficacy and safety concerns resulted in the premature discontinuation of the trial and withdrawal of the drug by the pharmaceutical company. On the other hand, the effect of another V2 receptor antagonist, tolvaptan, has been explored in combination with lower doses of diuretics in cirrhotic patients with ascites. Tolvaptan (7.5-30 mg/day for 7 days) showed add-on effects to conventional diuretics on ascites in the multicenter RCTs for the poor responders to the standard diuretic therapy (furosemide ≥40 mg/day and spironolactone ≥25 mg/day; or furosemide ≥20 mg/day and spironolactone ≥50 mg/day). 34 Its proper dose was settled as 3.75-7.5 mg/day for Japanese cirrhotic patients. 35 From a theoretical perspective, the combination of vaptans with diuretics may be useful in patients with refractory ascites, reducing the frequency of LVP. 12 This hypothesis, however, has not been validated with large-scale RCTs. A study by Zhang et al 36 reported that the combination of 15 mg/day tolvaptan with diuretics effectively increased the urine output in 89.7% of 39 patients with refractory ascites. This was the only report with regard to its effect on definite refractory ascites, which 
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Management of refractory cirrhotic ascites: challenges and solutions was not controlled after either 1 week of sodium restriction, albumin infusion, and high doses of diuretics (>160 mg/day of furosemide and 200 mg/day of spironolactone) or 2 weeks of LVP. In other studies, 6, 7, 37 it is not clear whether the patients were given the highest possible dose of diuretics prior to the diagnosis of refractory ascites.
Challenges in intervention therapy
Although LT is the only curative option for refractory ascites, 38 the difficulty of receiving successful transplantation has paved the way for the development of various alternative interventional approaches. We have summarized the indications and contraindications of these therapies with their pros and cons in Table 2 . There have been various challenges with regard to the improvement of these modalities in the past decade.
LvP
Both the EASL and AASLD guidelines 4, 5 indicate that the first-line treatment for patients with refractory ascites is LVP associated with the administration of intravenous albumin. 3 The last AASLD guideline further recommends discontinuing β-blockers and adding midodrine prior to serial therapeutic paracentesis. 5 LVP is known to achieve marked reduction of intra-abdominal, intrathoracic, and pulmonary pressures, 39 as well as rapid fall of portal pressure 40 without Table 2 Comparisons of various treatments for refractory ascites: review of available information
Indications
Contraindications Pros Cons
Repeated LvP • First-line treatment for tense ascites
• Acute abdomen that requires surgery
• Fast, effective, and safe • Carries a risk of postparacentesis circulatory dysfunction that causes reduced long-term survival
• Respiratory compromise and abdominal pain or pressure secondary to tense ascites
• Achieves a marked reduction of intraabdominal, intrathoracic, and pulmonary pressures • Refractory ascites unresponsive to routine medical therapy (after discontinuing β-blockers and adding midodrine 5 )
• Coagulopathy (INR >2.0)
• A rapid fall of portal pressure without any renal and hepatic dysfunction
• Multiple abdominal scars • infection of peritoneal cavity or abdominal wall
• Refractory ascites unresponsive to routine medical therapy
• Reduce the incidence of post-paracentesis circulatory dysfunction by enabling more frequent but less extensive drainages
• High incidence of infection for a longterm drainage • Still symptomatic despite bimonthly LvP and were not candidates for TiPS or PvS • induces HE
• A bridge to liver transplantation, especially in patients with refractory ascites and HRS
• CHF (particularly right-sided heart failure)
• improves renal function especially in participants with baseline estimated GFRs <60 mL/min/1.73 m 2
• Frequent shunt dysfunction
• Tricuspid regurgitation • improves renal perfusion and sodium excretion, controls ascites, and reverses HRS*
• Associated with increased mortality in patients with severe liver dysfunction • Severe pulmonary hypertension (mean pulmonary pressure >45 mmHg)
• improves the LT-free survival of patients, compared with LvP*
• Possible induction of early liver failure in cirrhotics with MELD score of 11 or 12 and low hemoglobin and platelet count 
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Management of refractory cirrhotic ascites: challenges and solutions any renal and hepatic dysfunction. 41 Paracentesis-induced circulatory dysfunction (PICD), defined as an increase in PRA by >50% of the pretreatment value to a level of >4 ng/mL per hour on the sixth day after paracentesis, has been associated with a rapid recurrence of ascites, renal failure, and shorter survival. 42, 43 A meta-analysis reported that albumin infusion reduced the morbidity (incidence of PICD and hyponatremia) and mortality of patients with tense ascites undergoing LVP compared with alternative agents (saline or other plasma expanders). 44 Although these alternative agents might be able to replace albumin infusion by the paracentesis of <5 L, as previously reported, 42, 45 we should be cautious in distinguishing that their tense ascites was not necessarily refractory ascites. The EASL guideline adds general agreement to the recommendation that these patients should still be treated with albumin because of concerns on the use of alternative plasma expanders. 4 In fact, several beneficial physiological effects of albumin have been discussed in relation to its clinical effects on refractory ascites, SBP, HRS, and HE. 46 LVP with 20% human albumin supplementation has further been proven to be safe in terms of circulatory function with immediate and sustained improvement of respiratory function in critically ill patients with ascites requiring mechanical ventilation. 47 Although a paracentesis of around 6 L was reported to be uneventful without remarkable changes in the hemodynamic parameters in these patients, 47 the ascites was again not always refractory. It is likely that the occurrence and grade of pathophysiological changes after LVP are also dependent upon various patient factors including sex, height, weight, muscle mass, and renal function. 43 Therefore, we should be cautious with regard to the volume of ascitic fluid removed and the supplementary infusion in the LVP, evaluating the condition of each patient carefully. A risky underfilling state inducing HE or renal failure should be avoided in any case.
Indications
Contraindications Pros Cons
• Advanced liver failure (serum total bilirubin >85.5 μmol/L)
• Corrects vascular dysfunction and enhances the benefits of NSBB
• induces long-term cardiovascular changes, including cardiac volume overload • Multiple hepatic cysts
• Decreases the risk of HRS
• 48 Repeated LVP has an infrequent but potential risk of life-threatening puncture complications and also a possibility of PICD and subsequent renal failure. Reinglas et al 48 evaluated whether a tunneled indwelling peritoneal PleurX TM catheter carries the potential for reducing these risks and improving the QOL of patients. The tunneled catheters are known for their lower risk of infection over non-tunneled catheters. 48 In this method, most patients had 2 L drained thrice a week with a range of 2 L per week to 1 L per day. The drain patency of the indwelling catheter was maintained in 90% of patients with a median duration of 117.5 days. 48 Microorganisms supposedly related to SBP were detected from a catheter source in 38% of patients, all of which were treated successfully with antibiotics. 48 The median time for this infection was reported to be 105 days. 48 The PleurX drain system may thus help cirrhotic patients in managing refractory ascites at home under strict supervision of local physicians similarly with recurrent pleural effusions and malignant ascites. Van Thiel et al 49 reported that if the procedure is limited to 72 h, no cases of ascitic fluid contamination/infection will occur. However, the prophylactic use of antibiotics seems necessary for patients with advanced cirrhosis with hyperbilirubinemia to prevent risky infection. Kathpalia et al 50 reported that patients with end-stage liver cirrhosis undergoing the procedure had a 10% risk of bacterial peritonitis within 72 h, leading to 50% mortality at 5 months. In this study, 50 higher serum total bilirubin levels and a long time from admission to drain placement were associated with decreased survival in patients who developed peritonitis. The authors considered that the higher rate of SBP may be related to the higher percentage of alcoholic cirrhosis, as drinking alcohol is known to induce gut barrier dysfunction and endotoxemia. Martin et al 51 recently reported that largevolume peritoneal drainage with an indwelling peritoneal catheter and concomitant albumin infusion for a maximum of 72 h is safe and effective for patients with tense ascites. They further considered that the slow gravity-dependent removal of ascitic fluid along with albumin infusion could have a further beneficial role in preventing renal dysfunction and HRS compared with the rapid LVP. 51 Although the permissive duration of indwelling catheterization has not been determined yet, we should keep in mind that the longer the indwelling catheterization, the higher the risk for infections. It is important to balance the high risk of infection against the potential preservation of renal function and improvement of the QOL. 48 Cell-free and concentrated ascites reinfusion therapy The reinfusion of concentrated ascites, now termed as cellfree and concentrated ascites reinfusion therapy (CART), was developed as a modification of LVP in Japan. It has been proven to be as safe and effective as LVP with albumin infusion. 52 This therapy aims to maintain serum albumin levels by filtrating and concentrating the removed ascitic fluid, followed by intravenous reinfusion of the collected proteins. 53 Kozaki et al 54 retrospectively evaluated the effectiveness and adverse events in 24 CART processes in 11 patients with decompensated liver cirrhosis. The amounts of collected and concentrated ascites were 4492±2223 mL (mean±SD) and 270±270 mL, respectively, with a concentration ratio of 22.4±15.3 times. They reported a transient fever in one patient, which immediately subsided with the use of nonsteroidal anti-inflammatory drugs. 54 The benefit of CART in reducing albumin use has been emphasized, although the cost of instruments for CART, higher than that of albumin solution, is considered as a drawback. 1, 55 The cost-benefit problem should be definitely resolved for the further application of CART worldwide. Yamada et al 56 have recently developed a drop-type CART with adjustable concentrator (DC-CART) that uses a drop-type filtration mechanism. The DC-CART requires no specialized equipment except for a simple pump and pressure monitor. 56 It could concentrate large amounts of ascitic fluid (from a median weight of 4900 to 695 g; median concentration ratio: 7.4) in 98 patients with refractory ascites including 14 cirrhotic patients.
Peritoneal-urinary drainage (alfapump
® system)
The automated low-flow ascites pump (alfapump), a subcutaneously implanted battery-operated device, pumps ascitic fluid from the peritoneal cavity into the urinary bladder 57 enabling a continuous low-volume paracentesis. 58 The daily amount of ascitic fluid to be removed is adjusted based on the patient's requirements, which is controlled by the wireless programming system. 58 It is activated every 10-15 min and moves 3-30 mL of ascitic fluid into the bladder in each cycle and is inactivated during the night while the patient is asleep. 58 In a recent RCT in seven institutions, 59 the alfapump system was proven to be effective in reducing the need for paracentesis (>50% of patients over 6 months) and improving the health-related QOL (especially in the first 3 months), compared with the standard LVP treatment. The system was 
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Management of refractory cirrhotic ascites: challenges and solutions associated with improvements in the nutritional status of patients assessed by the body mass index (BMI), hand grip strength, triceps skinfold thickness, and midarm muscle circumference, compared with the standard LVP treatment. The authors speculated that this nutritional benefit may involve attenuation of the increased resting energy expenditure. 60, 61 On the other hand, Sola et al 58 pointed out that the system was associated with enhancement of endogenous vasoconstrictor systems and impairment of renal function. They believed that the continuous ascitic fluid drainage by the alfapump may impair the effective arterial blood volume, mimicking PICD after LVP. They proposed a study focusing on the potential benefit of albumin infusion in counteracting these adverse effects. 58 There are still a number of adverse events related to the procedure and the device, such as wound dehiscence, wound infection, abdominal wall hematoma, kinking of the bladder catheter, and pump pocket infection, which often require surgical reinterventions. 58, 62 Due to frequent and serious comorbidities, careful patient selection and postoperative monitoring are required. 62 In summary, this system is considered useful in improving QOL and is a promising alternative for patients treated with LVP. However, we should carefully weigh the benefit against its invasiveness and frequent complications.
PvS
PVS (LeVeen shunt and its variant Denver shunt) was designed to palliate ascites by reinfusing ascitic fluid into the systemic circulation. PVS was reported to improve GFR and provide palliation in 83% of patients with intractable ascites awaiting LT. 63 Control of ascites was achieved sooner after PVS than after TIPS, but long-term efficacy favored TIPS. 64 PVS prolonged the time to the recurrence of ascites compared with diuretic treatment 65 and LVP with albumin infusion. 66 However, the poor long-term patency, excessive complications (disseminated intravascular coagulation [DIC], cardiac failure, sepsis, etc.), and no survival advantage compared with medical therapy have restricted its indication only to patients for whom other treatment modalities are impossible. 1, 5 Taken together, PVS has been considered to have a very small role in the management of refractory ascites according to the EASL guidelines. 4 However, the Denver shunt is prevailing in the actual patient care situation as it has been acknowledged to prolong relief of ascites, thereby improving the QOL. A review of 62 patients between 2003 and 2014 67 concluded that the percutaneous placement of a Denver shunt was technically feasible and effective. The postoperative complications in this study were relatively few, including shunt infection in three and shunt occlusion in four patients. 67 The major concern is how to prevent serious complications and to preserve long-term patency. The two major risky complications occurring immediately after the shunting are DIC and infections related to the infusion of ascitic fluid into the circulation. Most ascitic fluid should be removed, and antibiotics should be prophylactically given. 67 The valve must be pumped daily to prevent fibrous particles from adhering to the catheter and causing obstruction. 68 It is very important to ensure that the patient and caregiver understand how to pump the shunt properly before discharge. 68 TiPS TIPS may be indicated for patients who are refractory to paracentesis or who need very frequent LVP. 3 Despite remarkable technical developments, the risk of the procedure must always be balanced with the benefit of the patient surviving long enough to receive LT. 69 The decision to perform or not perform TIPS should be reached carefully, considering the contraindications and evaluating the clinical conditions of the patient. The absolute contraindications include congestive heart failure, severe tricuspid regurgitation, severe pulmonary hypertension, and advanced liver failure (Table 2) . 69 The relative contraindications include portal venous obstruction, large hepatic tumors, extensive polycystic liver disease, severe coagulopathy, recurrent or persistent HE, and advanced age (Table 2) . 69, 70 Several meta-analyses based on RCTs have revealed that TIPS is superior to LVP in controlling ascites, although it causes HE more frequently. [71] [72] [73] [74] In contrast to the previous meta-analyses [71] [72] [73] [74] concluding that TIPS does not improve survival compared with LVP, recent meta-analyses 75, 76 including newer RCTs have reported that TIPS significantly improves transplant-free survival. The early studies with uncovered stents led to a high rate of shunt dysfunction, which was the main drawback of this treatment. 61 The development of polytetrafluoroethylene (PTFE)-covered stents was a major progress, resulting in a substantial decrease in shunt dysfunction and an improved clinical outcome. 61, 77, 78 The covered stent offers better symptomatic control and overall survival, especially in patients with an MELD score of <16 at the baseline. 76, 79 Bureau et al 61 further reported that cirrhotic patients with recurrent ascites who received covered stents showed a higher rate of 1-year transplantation-free survival (93%), compared with those treated with repeated LVP with albumin infusion (52%). The 1-year transplantation-free survival rate in their TIPS group was also higher than those in the studies using bare metal stents (77% and 80% in the 
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Fukui et al two more recent studies). 80, 81 Retrospective, matched cohort analysis 82 has further revealed that TIPS placement is associated with improved renal function in cirrhotic patients with baseline estimated GFRs <60 mL/min/1.73 m 2 compared with repeated LVP.
In principle, large-diameter TIPS poses the risk of inducing severe HE, although a very small shunt is not effective for portal decompression. A 10-mm PTFE-covered stent results in better control of refractory ascites in patients with cirrhosis, compared with an 8-mm stent, without increasing the incidence of HE.
83 Surprisingly, the use of covered stents has been associated with a lower incidence of post-TIPS HE compared with bare metal stents in some studies. [83] [84] [85] While a high portosystemic pressure gradient (PSG) after TIPS might cause persistence of ascites, 70 excessive reduction of the PSG (<8 mmHg) along with severe liver dysfunction is associated with an increased risk of mortality. 86, 87 Even the PTFE-covered stents passively expand to their maximal diameter of 10 mm 6 weeks after TIPS insertion and cannot be dilated later depending on the patients' needs. 87 In fact, the effective target reduction of PSG is unknown and may differ in each patient. 88 Farsad et al 88 described a technique for primary TIPS restriction using the deployment of a self-expanding PTFE-lined stent-graft within the balloonexpandable stent. With this method, a small shunt can be created initially to assess patient tolerance. 88 The shunt can be increased later by stent-graft balloon dilation, if there is insufficient shunting and the patient is free from refractory HE. 88 The development of an ideal stent-graft, in which the grade of shunting is later adequately adjustable to the patients' state, is still most preferable.
TIPS ameliorates portal hypertension and its complications, but it may deteriorate liver function in certain cases. It has been shown recently that early liver failure (ELF) developed in 16.8% of patients with refractory ascites receiving TIPS, even in those with an MELD score <12.
87, 89 Luca et al pointed out that ELF occurred in patients with an MELD score of 11 or 12, who showed decreased hemoglobin level and platelet count. In patients with higher MELD scores, a serum total bilirubin level over 51.3 μmol/L and a platelet count <7.5×10 9 /L have been considered as the most important determinants of 1-year survival. 90 The pathogenesis of liver failure is unknown, but the predominating hypothesis attributes this to the decreased portal venous perfusion of the liver. 87 If there is a progressive deterioration of liver failure after TIPS placement, reduction or occlusion of the TIPS or LT should be indicated. 89 Recent studies 87, [91] [92] [93] [94] have shown that the markers of BT and systemic inflammation, such as endotoxin, soluble tumor necrosis factor (TNF) receptor, and C-X-C motif chemokine (CXCL) 11 and CXCL9 levels, decrease as early as 2 weeks after TIPS placement. The elevation of these markers was additionally reported to predict the poor prognosis of patients receiving TIPS. 87, [92] [93] [94] The inflammatory response is also the cardinal factor associated with the development of acute-on-chronic liver failure and short-term mortality in patients with decompensated cirrhosis. 87, 95 An adequate selection of patients appears to be the only method to effectively avoid post-TIPS HE and fatal ELF. 87 In patients with refractory ascites, the serum total bilirubin, platelet count, and the above-mentioned biomarkers evaluating systemic inflammation may be useful for TIPS insertion candidate selection. However, the beneficial effect of TIPS on patient survival is diminished beyond 1 year, 96 which might be related to the unfavorable long-lasting cardiac overload. 87, 97 Thus, TIPS should be considered as a bridging therapy for LT in refractory ascites.
87
Experimental treatments Diuretics with salt ingestion
Following favorable results in patients with refractory congestive heart failure, Licata et al 98 reported that the combination of intravenous high-dose furosemide (250-1000 mg/bid) and hypertonic saline solution (HSS; 150 mL H 2 O with NaCl 1.4%-4.6%) for several days is a safe and effective treatment for refractory ascites including diuretic-intractable ascites in cirrhotic patients. They noted a considerable improvement of ascites and Child-Pugh score with the high-dose furosemide+HSS compared with repeated paracentesis and a standard oral diuretic schedule. They later found significant reductions of serum levels of natriuretic peptides (ANP and brain natriuretic peptide [BNP] ) and inflammatory cytokines (TNF-α, interleukin [IL] 1β, and IL-6) in patients with refractory ascites treated with the high-dose furosemide+HSS injection compared with those treated with serial paracentesis. 99 Salt ingestion therapy is quite the opposite of the traditional principles of ascites management indicating salt restriction. This treatment has never been discussed in the major clinical guidelines, although HSS is indicated in symptomatic patients with profound hyponatremia who are intolerant or unresponsive to free water restriction. 100 The pathophysiological backgrounds of the responders to high-dose furosemide+HSS should be further cautiously investigated for adequate patient selection. While elevated serum BNP level is considered to reflect left ventricular myocardial dysfunction (impaired systolic function and/or diastolic relaxation), [101] [102] [103] an elevated serum ANP level is 
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Management of refractory cirrhotic ascites: challenges and solutions attributable to increased atrial volume or pressure. 101, 103, 104 The latter may reflect increased blood volume in liver cirrhosis (overflow state), 104 although a study by Tuttolomondo et al 99 did not concomitantly evaluate RAAS or SNS. It is presumed that high-dose furosemide+HSS may be effective for refractory ascites associated with cirrhotic cardiomyopathy and hypervolemia. Yakar et al 105 further reported that oral high-dose furosemide (360−520 mg bid), spironolactone (100 mg/day), and salt intake (2.5 g bid) were also associated with remarkable increases in diuresis, improvement of Child-Pugh and MELD scores, and reduction of hospitalization in cirrhotic patients with refractory (diuretic-resistant or diuretic-intractable) ascites. As an action mechanism, it was speculated that increased osmotic pressure due to rapid elevation of NaCl concentration induced volume mobilization into the vascular compartment and increased renal perfusion. 105 However, the following questions remain: How does it actually affect systemic, renal, and cardiac circulation? How does it influence inflammation and the Child-Pugh score? There are no conclusive explanations for all of these beneficial effects. Before this paradoxical approach to ascites is generally approved, extensive clinical studies based on the pathophysiology of ascites are required to determine its indications and contraindications.
Antibiotics
Hanafy et al 106 reported that adding rifaximin and midodrine to diuretic therapy enhanced diuresis in refractory ascites improving systemic and renal hemodynamics. This augmented diuretic response, reduced the need for paracentesis, and even prolonged short-term survival. 106 On the background of these findings, increased inflammatory cytokine induced by gut-derived endotoxins is considered to facilitate mesenteric vasodilation, enhancing the refractoriness of cirrhotic ascites. 106 Rifaximin is supposed to improve splanchnic vasodilation through reduction of bacterial endotoxins in cirrhotic patients with ascites. 106, 107 The addition of rifaximin can help overcome the vascular insensitivity to vasoconstrictor midodrine, which is attributable to increased TNF-α and nitric oxide (NO). 106 Further, norfloxacin suppresses the serum and ascitic levels of TNF-α and NO in patients recovering from SBP. 108 SBP is a well-known precipitating factor for the development of type 1 HRS, and the mortality rate of patients with SBP is high. 109 There is a prospective case-control study 110 reporting that rifaximin decreased the SBP frequency in cirrhotic patients with refractory ascites. Although not limited to refractory ascites, norfloxacin prophylaxis reduced the incidence of SBP, delayed the development of HRS, and improved survival in cirrhotic patients with low ascites protein levels (<15 g/L) and advanced liver failure (Child-Pugh score of ≥9 points with a serum bilirubin level ≥51.3 μmol/L) or impaired renal function. 109, 111 Recent meta-analyses have further suggested that rifaximin may be effective in preventing SBP in patients with cirrhosis and ascites compared with systemically absorbed antibiotics and placebo in these situations.
112
Unsolved problems
As we pointed out in the "Introduction" section, the tolerable maximum doses of diuretics for the diagnosis of refractory ascites may differ among patients worldwide. We have no definite evidence on whether we can apply the diuretic doses from large Caucasian males to small Asian females. In the latter situation, most patients should be classified as having diuretic-intractable ascites and not as diuretic-resistant ascites. In fact, several authors outside Europe and America used their own criteria diagnosing refractory ascites based on the standard treatment regimen in their region (Table 1B) . For further discussion, we should at least request all authors to clearly indicate their diuretic doses and to confirm that their patients really had refractory ascites. On the other side, we should reevaluate the safety concerns for the traditional dose escalation of oral diuretics in cirrhotic patients with ascites to prevent risky side effects.
In contrast to its ineffectiveness for refractory ascites, the V2 receptor antagonist tolvaptan has been recommended for cirrhotic patients with an earlier stage of ascites accumulation as a combination therapy with relatively low-dose standard diuretics. Our recent prospective observational study on this aspect 113 suggests that the state of relative vascular underfilling attenuates the effect of tolvaptan. Large-dose diuretics pose a risk of evoking difficult-to-treat hyponatremia, which disrupts further continuation of drugs in cirrhotic patients with ascites. 10 In general, most experts agree to discontinue diuretics temporarily in patients whose serum Na decreases to <120-125 mmol/L. The early addition of tolvaptan to diuretics may be effective in preventing the development of severe hyponatremia in the treatment of ascites, which warrants further evaluation. However, in order to establish a new strategy of pharmaceutical treatment, we need a large-scale prospective RCT comparing this combination therapy with the traditional stepped care diuretic treatment. A long-term RCT between these two may be significant in comparing the incidences of diuretic-intractable ascites and AKI as well as the patients' prognosis. However, the high cost of submit your manuscript | www.dovepress.com
Dovepress
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Fukui et al tolvaptan is a major barrier for its general use worldwide and for future trials.
Another important matter that remains unclear is the relationship between inflammatory changes and liver failure as well as poor prognosis in patients receiving TIPS. Structural and functional changes in the intestinal mucosa that increase the intestinal permeability of bacteria and its products have been reported in patients with liver cirrhosis. 114 The characteristics of cirrhosis itself, including portal hypertension, alterations in the intestinal microbiota, inflammation, and oxidative stress can all affect the intestinal barrier function, leading to the so-called "leaky gut" and resultant BT and inflammation. 115 When the deleterious effects of BT far surpass the protective effect of portal decompression on the gut barrier, TIPS insertion may turn out to be risky for the patients. The issue further implies the validity of microbiomebased therapeutics, which requires future investigation.
Finally, we summarized the evidence-based grading on the usefulness of various therapeutic approaches to refractory ascites, applying the Grading of Recommendations Assessment, Development, and Evaluation (GRADE) system (Table 3) . 109 We deemed that each treatment is useful when it is proven to alleviate ascites and improve QOL. Some treatment methods need future evaluation based on well-designed large clinical trials prior to being included in the management of refractory ascites.
Future perspective
It is plausible that marked development of antiviral therapy for patients with hepatitis C virus (HCV) may change the prognosis of refractory ascites in the near future. In fact, clinical improvements following antiviral therapy with direct-acting antivirals (DAAs) can result in the withdrawal of patients with chronic HCV infection from the LT waiting list. 116 A retrospective multicenter European study showed that the percentage of patients with refractory ascites halved from 28% at baseline to 14.1% after 24 weeks following the initiation of DAA treatment. 116 A recent report has described a patient with HCV-related cirrhosis and refractory ascites, who was delisted for LT, achieving complete clinical recovery after successful sofosbuvir-based treatment. The best strategy in managing refractory ascites in HCV-related liver cirrhosis is evidently to restore liver function through the eradication of viral infection.
As expected from several findings summarized in this review, there is a possibility that gut-derived microbial products and subsequent local and systemic inflammation may affect the clinical course, refractoriness of ascites, and prognosis of cirrhotic patients. The systemic inflammatory response related to microbial translocation is the most probable precipitating factor for the development of ELF and high mortality in patients who receive TIPS. On the other hand, the gut-microbiome-orientated treatment with lactitol or rifaximin was reported to be ineffective for the prophylaxis of HE after the TIPS placement. In our view, intervention to improve gut microbiome should be started much earlier prior to the onset of refractory ascites. We may begin the management when the sign of decompensation is first noted in liver cirrhosis. Emerging evidence has suggested close associations between gut microbiome and the pathophysiology of liver cirrhosis, which seems to support our view. Wu et al 117 reported a marked decrease in Lactobacillus rhamnosus and a reduction in Lactobacillus fermentus in the feces of patients with decompensated cirrhosis. Bajaj et al 118 proposed the cirrhosis dysbiosis ratio (CDR), which is the ratio of beneficial autochthonous bacteria to potentially pathogenic bacteria, and reported that this ratio was negatively correlated to MELD score and the blood endotoxin level. A low CDR was also associated with death and organ failure within 30 days. As for microbiome-based therapeutics, a probiotic Lactobacillus GG was reported to decrease blood endotoxin and TNF-α levels. 119 A probiotic combination VSL#3 reduced arterial ammonia levels, ameliorated small intestinal bacterial overgrowth, and improved psychometric HE. 120 Among antibiotics, rifaximin is known to decrease cardiac output and increase systemic vascular resistance, GFR, and natriuresis. 107 It is associated with the improvement of cognitive function and endotoxemia in patients with minimal HE. 121 An 
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Management of refractory cirrhotic ascites: challenges and solutions effective combination of probiotics with adequate prebiotics to the nutritional therapy may improve the clinical course of cirrhotic patients. These results and assumptions further raise three important research questions: Are these therapeutic approaches beneficial to cirrhotic patients at the early stage of decompensation? Do they improve the prognosis of cirrhotic patients with ascites? When should we initiate rifaximin in the disease process of advanced cirrhosis with ascites?
Conclusion
The general therapeutic algorithm for refractory ascites is shown in Figure 1 . Although there have been various challenges in exploring innovative therapeutic strategies, refractory ascites is still associated with increased morbidity and mortality in patients with liver cirrhosis. The median survival of cirrhotic patients with refractory ascites is ~6 months, 4 which necessitates the consideration of LT. It is true that the best solution for refractory ascites is to eliminate hepatic failure either by LT or by causal treatment, but we should attempt to seek out the second best solution with the aim of achieving the longest possible comfortable life for patients. The selection of the most appropriate palliative therapy for individual patients, whether it be serial LVP, indwelling peritoneal catheter, peritoneal-urinary drainage, CART, TIPS, or PVS, depends on the adequate evaluation of patients, wise strategy decisions, and meticulous planning for the achievement of the best QOL. In evaluating patients, we should be able to discriminate between diuretic-intractable ascites and diuretic-resistant ascites because the former is presumably more prone to developing dilutional hyponatremia and renal After considering indication, contraindication, pros, and cons listed in Table 2 Figure 1 Therapeutic algorithm for refractory ascites. Notes: Diuretic-resistant or diuretic-intractable ascites are treated by serial therapeutic paracentesis. Meanwhile, all these patients necessitate the consideration of liver transplantation. If transplantation is difficult or takes long time, the patients should be treated by paracentesis for a time being. If indicated, TIPS and PVS can be selected as bridge therapies to liver transplantation. indwelling peritoneal catheter and peritoneal-urinary drainage are rarely selected for improving QOL of patients who are not candidates for liver transplantation or TiPS. in Japan, CART is sometimes selected to save the requirement of albumin solution after therapeutic paracentesis. Causal treatment of liver disease itself with direct-acting antivirals may dramatically improve the prognosis of patients with hepatitis C virus infection. Abbreviations: alb. inf., albumin infusion; CART, cell-free and concentrated ascites reinfusion therapy; PvS, peritoneovenous shunt; QOL, quality of life; TiPS, transjugular intrahepatic portosystemic shunt. 
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Fukui et al dysfunction during the treatment, and may be associated with poor prognosis. 21, 29 In advanced cirrhosis, intestinal bacterial overgrowth predisposes patients to BT and increases the risk of SBP, together with intestinal hyperpermeability. 122, 123 It is well known that bacterial infections including SBP increase mortality four-fold in cirrhotic patients. 124 The present review suggests that the gut-derived local and systemic inflammation limits the effects of palliative treatment for refractory ascites and is associated with high mortality risk. Although various microbiome-based therapeutics, such as probiotics, prebiotics, synbiotics, and antibiotics, have been applied for the management of HE, the earlier therapeutic approach to gut dysbiosis may provide us with a better solution in the management of cirrhotic ascites. It should be further investigated whether any combination of probiotics, prebiotics, and antibiotics, such as rifaximin, could generally improve the clinical situation of patients after the onset of ascites.
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